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ABSTRACT

Introduction: Radioiodine therapy is a standard procedure in thyroid autonomy treatment. Discrepancies 

in the visual comparisons of the scintigraphies prepared for this purpose using Tc-99m-O4
- and I-131 have been 

known for years. In this study a new method is used to calculate and perform a quantitative comparison of 

both uptakes using subtraction analysis and 3D imaging. The results and their causes are discussed together 

with practice-relevant conclusions for better clinical results. 

Material and Methods: The new method was used in 38 patients with thyroid autonomies for the subtraction 

analysis of standardized pretherapeutic and intratherapeutic scintigraphies. The parametric distribution of 

activity was calculated absolutely and as a percentage and displayed three-dimensionally. These results 

were compared with the visual assessment of the different scintigraphies by the experts. Inclusion criteria 

were pretherapeutic and intratherapeutic hyperthyroidism without medication affecting the thyroid. The time 

difference between acquiring the scintigraphies was 28 days maximum.

Results: Activity distribution was visually discrepant in 39.5% of cases. 60.5% displayed comparable 

uptake. The calculated values showed reversed results after applying the new method. The results using our 

method show a higher rate of calculated discrepancies compared with visual analysis.

Conclusion: Accurate functional imaging of the thyroid is next to further aspects very important in 

establishing the diagnosis and deciding about the therapy activity for thyroid treatment. In combination with 

clinical symptoms and laboratory values, Tc-99m-O4
- scintigram can be used for an orientated, preliminary 

assessment of functional disorders of the thyroid. But because of the higher rate of found discrepancies, the 

solely use of Tc-99m-O4
- scintigram is not always capable for exact and reliable diagnosis. The known reason 

for this is most probably due to the different biokinetics of both radiopharmaceuticals, which can be imaged 

more sensitively with this method. Consequently, a scintigram should be performed in the pretherapeutic 

radioiodine uptake test. Despite higher costs and radiation exposure, alternatively, pretherapeutic use of other 

diagnostic iodine isotopes like I-123 or -124 should be discussed, because they could overcome the limitation 

of the different biokinetics. Following this approach the preliminary assessment using Tc-99m-O4
- scintigraphy 

can be precised and double checked to improve diagnostic confi dence and treatment results for a better 

outcome of the patients.
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INTRODUCTION

Diagnostic thyroid scintigraphy is necessary for the decision for radioiodine 
therapy (RIT). The preferred nuclide used is Tc-99m-O4

-, other nuclides are I-123 and 
I-131. In physiological terms, the iodine isotopes are the ideal diagnostic radionuclides 
for thyroid scintigraphy, because they reϐlect directly physiological iodine metabolism 
(trapping, iodination, iodization, hormone secretion, metabolism) [1]. I-123 therefore 
has a higher uptake in the thyroid than Tc-99m-O4

- with better demarcation of the 
thyroid from the surrounding tissue.

The primary goal of radioiodine therapy in cases of benign thyroid autonomies is 
to switch off the autonomous thyroid tisse [2]. The I-131 activity administered as part 
of the therapy is calculated according to the target dose using the Marinelli formula 
[3], in which the target volume, the maximum thyroidal iodine uptake and the effective 
half-life are taken into account. The last two parameters are determined during the 
pretherapeutic iodine uptake test. For determination of the target volume and the 
thyroid autonomy type, responsible for the target dose, a diagnostic Tc-99m-O4

- 
scintigraphy and thyroid sonography are essential. As part of the RIT, a planar thyroid 
and whole-body scan are performed to determine the target dose achieved.

In the case of comparable metabolic state and either no or identical thyroid 
medication, it is anticipated that, the pretherapeutic Tc-99m-O4

- and the intratherapeutic 
I-131 scintigrams display mostly similar radiopharmaceutical distributions [4]; 
nevertheless, it is not unusual to ϐind discrepancies between the scheduled target dose 
and the target dose achieved [2]. Differences are also known in the nuclide distributions 
in the intratherapeutic I-131 scintigraphy compared to the pretherapeutic Tc-99m-O4

- 
scintigraphy [1,5-7].

To the best of our knowledge, there is no method or program described in literature 
for parametric calculation and presentation of the differences between Tc-99m-O4

- and 
I-131 scintigraphy quantitatively using subtraction analysis of the scintigraphies (I-
131 minus Tc-99m-O4

-). This would enable a more individualized diagnosis and thus 
more deϐinite indications, and ultimately more accurate activity calculations since, for 
example, the target doses differ for different types of thyroid autonomy.

The aim of this study is to provide a new method for the ϐirst time to analyze 
the differences in radionuclide distributions in the different scintigraphies using 
substraction analysis and to provide the results as three-dimensional parametric 
images. Possible conclusions are discussed for an optimal, individualized diagnosis 
and activity of radioiodine therapy for practical application to achieve better clinical 
results.

MATERIAL AND METHODS

Data and scintigraphies with Tc-99m-O4
- and I-131 from 38 patients (20 women and 

18 men) aged between 37–94 years (66.5±17.2 and 64.6±8.9 years) with functionally 
relevant thyroidal autonomies (18 unifocal, 15 multifocal and 5 disseminated) were 
analysed. Inclusion criteria for the selection of patients for this study were a decreased 
TSH level (<0.27 μIU/ml) and the absence of medication affecting the thyroid both 
at the time of the pretherapeutic diagnostic tests and during the therapy. Due to an 
endogenously suppressed TSH level, this corresponded to hyperthyroidism. The time 
difference between acquiring the pretherapeutic Tc-99m-O4

- scintigraphies and the 
intratherapeutic I-131 scintigraphies during the RIT was 28 days maximum in all 
patients. In addition to further diagnostic procedures like ultrasound and hormone 
analyses of the thyroid, a pretherapeutic thyroid scintigraphy was performed with 
a maximum of 75 MBq Tc-99m-O4

- (Mallinckrodt, Petten, Netherlands) to image the 
function of the thyroid. In compliance with the guidelines, approximately 20 minutes 
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p.i., a static thyroid planar scintigraphy was acquired over 5 to 10 minutes using a 
single-head gamma camera (Diacam, Siemens, Erlangen, Germany) with a low-energy 
high resolution (LEHR) parallel hole collimator. The images were acquired using a 
128×128 matrix and stored, the Tc-99m-O4

- uptake determined, and the scintigraphies 
visually analysed.

With the support of laboratory results, ultrasound scan and clinical symptoms, 
the indication for RIT was established with the aid of the Tc-99m-O4

- scintigraphy 
and the individual therapy activity determined according to the Marinelli formula 
using the radioiodine uptake test [3]. The calculated and then administered activity 
was between 400 and 2000 MBq I-131 (Mallinckrodt, Petten, Netherlands). I-131 was 
administered orally in capsule form. The hospitalization of the patient in this study 
was between two to a maximum of 15 days (mean 5.5 days). Prior to discharge, a static 
planar thyroid I-131-scintigraphy was acquired in a 256x256 matrix using a dual-head 
camera (E-Cam 180, Siemens AG, Erlangen, Germany) with a high-energy (HE) parallel 
hole collimator over 5 to 10 minutes as well as a compulsory planar whole-body scan.

Analysis and processing of the scintigraphies

The planar Tc-99m-O4
- and I-131 scintigraphies of the thyroid were ϐirst visually 

analyzed and compared to each other on a computer monitor by two experienced 
specialists in nuclear medicine in consensus on the basis of the different grey intensities 
(Figure 1).

The processing steps of the scintigraphies using the new program are illustrated 
in ϐigure 2. The scintigrams were initially saved in DICOM format, and then the Tc-
99m-O4

- and the I-131 images were opened side-by-side on the computer monitor. 
After visual comparison of the activity in the autonomous areas, these images were 
aligned congruently using the “Multi-Modality” tool integrated in the Gold 2.8 Program 
(Hermes Medical Solution, Sweden). The image matrix was mathematically adjusted to 
a 256×256 matrix. The region-of-interest (ROI) technique was then used to demarcate 
the thyroid from the surrounding structures and tissue.

For normalizing the scintigraphies, the quotient from the number of counts in the 
ROI of the I-131 and Tc-99m-O4

- image was generated, and this was then used as a 
factor to multiply the values of the Tc-99m-O4-image. 

Figure 1: Patient 24, varying maximum activity in visual comparison of I-131 scintigram (1a) with the Tc-99m-O4
- 

scintigram (1b). Grid image in Figure 1a highlighted by the use of a high-energy collimator.
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After normalization, the Tc-99m-O4
- scintigram was subtracted from the I-131 

scintigram and parametrically represented (Figure 3). Because the used computer 
program (2.8 Gold, Hermes) can only process positive values the parametric image 
therefore had to be shifted into the positive range by adding the grey values along the 
y-axis. This process corresponds to shifting the zero level (x-axis plane) to the y-axis 
(Figure 2). A new image results from the subtraction, which differs from the baseline 
scintigrams in its grey intensities: the activity of I-131 is reproduced as light and that 
of Tc-99m-O4

- as dark (Figures 4a-d and 5a-d).

Using the computer program (MRIcro 1.40, Chris Rorden, Nottingham University, 
UK) the data were separated for quantitative analysis into image and patient ϐiles and 
converted into the analysis format (Bio-Medical Imaging Resource, Mayo Foundation, 
USA). The pure image ϐiles were transferred to the Statistical Parametric Mapping 
Program (SPM2, Wellcome Department of Cognitive Neurology, London, UK) [8] for the 
MATLAB image processing program (Matrix Laboratory, Math Works, Massachusetts, 
USA). Using a program in MATLAB-internal language developed for this study, the 
grey scale values added previously to the parametric images were subtracted again 
and the zero level (x-axis plane) shifted back along the y-axis to the zero point. The 
planar subtraction scintigraphies were represented three-dimensionally in MATLAB 
and the corresponding values for I-131 and Tc-99m-O4

- were calculated above and 
below zero level (Table 1). Due to the zero level correction, the values obtained for 
I-131 and Tc-99m-O4

- were displayed as positive and negative numerical values. They 
represent absolute values without unit and were additionally converted into percent 
values (Table 1 and Figure 3).

The results obtained from the subtractions of the I-131 and Tc-99m-O4-scans are 

Figure 2: Data processing Flowchart.
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Figure 3: Diagram representing the calculation of absolute numerical values from Table 1 in percent [%]. The 
grey-shaded areas (here approximately 40%) represent the integral of the curves below zero level for Tc-99m-O4-; 
the white-shaded areas (here approximately 60 %) represent the integral of the curves above zero level for I-131.

Figure 4: Patient 8, visual analysis versus mathematical analysis.
 4a:  I-131 scintigram:   visual 
 4b:  Tc-99m scintigram:   visual       

  Tc-99 > I-131
 

 4c:  Subtraction image   
  (white I-131, black Tc-99m)
 4d:  3D image:    calculated  I-131> Tc-99m
  (I-131 above zero level 62.2 %, 
  Tc-99m below zero level 37.8 %)

not normally distributed (column 3 and 6 in table 1). For the evaluation a range within 
the mean ± standard deviation of the calculated percentages was deϐined as a reference 
range. The values within this range were classiϐied as identical. Values outside these 
thresholds were assigned accordingly to the I-131 or Tc-99m-O4

- group.

RESULTS

Follow-up check three months after treatment revealed the metabolic state in 
patients without thyroid medication to be in 31 cases (81.6%) euthyroid, two cases 
were (5.3%) latent hypothyroid, and ϐive (13.2%) latent hyperthyroid.
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Figure 5: Patient 38, visual analysis versus mathematical analysis.
 5a:  I-131 scintigram:   visual 
 5b:  Tc-99m scintigram:   visual      

  
 
I-131> Tc-99m

 5c:  Subtraction image   
  (white I-131, black Tc-99m)
 5d:  3D image:    calculated  I-131> Tc-99m
  (I-131 above zero level 69.5 %, 
  Tc-99m below zero level 30.5 %)

Table 1: 3D representation: numerical values above and below zero level of I-131 and Tc-99m in absolute values 
and in percent [%]. The light background indicates results where Tc-99m uptake predominates. Light grey indicates: 
I-131 uptake predominates, dark grey: equalized uptake (within the range of SD = ± 12.1). Av: average, SD: standard 
deviation, ∆t: time period between therapeutic I-131 administration and intratherapeutic I-131 scintigram [d].

No.
I-131 Tc-99m

∆t
positive % negative %

1 277046 47.5 306424 52.5 5

2 515967 58.4 368122 41.6 8

3 117950 48.2 126763 51.8 3

4 734766 43.6 952218 56.4 8

5 466069 29.3 1124971 70.7 3

6 332323 30.5 758965 69.5 4

7 287455 34.6 543460 65.4 5

8 370909 62.2 225666 37.8 6

9 142089 38.1 231739 61.9 3

10 400550 44.7 495488 55.3 7

11 199122 29.1 485380 70.9 3

12 269378 44.3 339212 55.7 3

13 357066 34.5 678482 65.5 4

14 450693 41 649500 59.0 4

15 154934 29.4 371438 70.6 8

16 475080 41.1 683121 58.9 5

17 149275 47.4 165377 52.6 3

18 461904 20.5 1796304 79.5 4

19 719937 51.5 678047 48.5 6
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20 518817 50.9 499169 49.1 7

21 539046 60 359232 40.0 9

22 111498 21.1 417613 78.9 4

23 188624 44.7 233491 55.3 3

24 320191 38.1 519351 61.9 5

25 646518 52.5 585367 47.5 2

26 228944 45.3 276471 54.7 5

27 725434 27.8 1886730 72.2 5

28 142401 44.2 180019 55.8 7

29 74501 43.3 97670 56.7 3

30 102265 54.9 83702 45.1 15

31 178570 44.9 219098 55.1 6

32 309412 42.2 423415 57.8 6

33 277863 43.1 366782 56.9 4

34 30564 10.5 259588 89.5 8

35 362164 31.2 797035 68.8 8

36 410332 50.8 398075 49.2 7

37 209725 45.2 255202 54.8 8

38 831979 69.5 364615 30.5 7

Av 344509.50 42.00 505350.05 58.00 5.55

SD 204433.42 12.09 396327.99 12.09 2.49

Mathematical analysis versus visual analysis

The absolute numerical values calculated by the analysis program for the activity of 
I-131 and Tc-99m-O4

- from the three-dimensional images as well as percentage values 
are presented in table 1. The values for I-131 uptake were above the zero level, those 
for Tc-99m-O4

- below the zero level (Figure 3). The threshold value for allocating the 
calculated values into the respective groups was the standard deviation (±12.1).

Mathematically there was in 15 cases (39.5%) an equalized calculation of the 
values of Tc-99m-O4

- and I-131, in 4 cases (10.5%) the values of I-131 were higher, and 
in 19 cases (50.0%) those of Tc-99m-O4

- were higher (Table 2). In the visual analysis, 
the intensity of Tc-99m-O4

- and I-131 was assessed as equalized in 23 of 38 patients 
(60.5%). In 12 cases (31.6%) the intensity of I-131 appeared to be higher and in 3 
cases (7.9%) that of Tc-99m-O4

- was higher (Table 2).

The time period (Δt) between the administrations of I-131 and the image acquisition 
timepoints of the intratherapeutic I-131 scintigrams was between two and 15 days 
with a mean of 5.55 days. There was no statistical evidence of a link between the 
intensity of I-131 and the above mentioned time period Δt (Figure 6).

Patient-related analysis of scintigrams and 3D images

The visual and mathematical analysis of I-131 and Tc-99m-O4
- scintigraphies 

yielded different distribution patterns. There was agreement in 10 patients (26.3%) 
and discordance in 28 (73.7%). In 19 patients (50%), Tc-99m-O4

- uptake was higher 
when calculated compared to the visual determination (Table 3).

DISCUSSION

Discussion of the methods

Parametric images have the advantage that dynamic processes can be described over 
a deϐined period of time in a single static image [9–11]. Subtraction of scintigraphies 
with different nuclides are already in clinical use, for example, in preoperative nuclear 
diagnostic scans for localization of parathyroid adenomas [12,13].
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Table 2: Visual analysis versus mathematical analysis of scintigrams and subtraction images; > values in 
autonomous area higher, < values in autonomous area lower, ≈ values in autonomous area equalized (within the 
range of SD = ± 12.1).

I-131 > Tc-99m I-131 < Tc-99m I-131 ≈ Tc-99m

Scintigraphy (visual) 12 3 23

3D-image (calculated) 4 19 15

Figure 6: Diagram of the calculated I-131 values in % plotted against ∆t. ∆t: time period between therapeutic I-131 
administration and intratherapeutic I-131 scintigram, n = 37, patient 30 was an outlier so removed from diagram.

Table 3: Distribution of patient cases in groups, > values in autonomous area higher, < values in autonomous area 
lower, ≈ values in autonomous area equalized (within the range of SD = ±12.1).

3D-image (calculated)

I-131 > Tc-99m I-131 < Tc-99m I-131 ≈ Tc-99m

Scintigraphy
(visual)

I-131 > Tc-99m 1 7 4

I-131 < Tc-99m 1 0 2

I-131 ≈ Tc-99m 2 12 9

To demarcate the thyroid from the background the ROI technique was applied. The 
ROI was manually created, and thus relies on the experience of the user. The thyroid 
boundaries are not always easily visible. Firstly, the boundaries of the autonomous 
tissue can be overestimated or, secondly, if the nuclide uptake is low, they may not be 
clearly demarcated resulting in a wrong assessment. We minimized these potential 
errors to a large extent by the experienced specialists. Overlaying could be optimized 
by additional external morphological marking (jugular, neck contour, lower jaw, etc.). 
Assessing hybrid images in the form of SPECT/CT images could result in more precise 
overlaying. However, the additional radiation exposure through the low-dose CT must 
be taken into account.

Discussion of results

The important issue for the clinical routine is whether visual evaluation of the Tc-
99m-O4

- scan alone should and can be used for the pretherapeutic diagnosis and dose-
ϐinding prior to RIT. Despite the known discrepancy between the respective uptakes 
of the radionuclides used for diagnosis and therapy, the Tc-99m-O4

- uptake has been 
regarded as an equivalent of the I-131 uptake in RIT [4].

Our results show that the calculated uptake values of I-131 and Tc-99m-O4
- deviate 

in parts considerably from the visual impression when viewing the scintigraphies 
(Tables 1 and 2). In some cases, the results are almost reversed. The visual analysis 
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agrees with the calculated analysis in only 10 cases (26.3%). The visual grading of 
I-131≈ Tc-99m-O4

- was in nine cases (23.7%) and of I-131> Tc-99m-O4
-in one case 

(0.6%) identical with the computer assessment. There is a striking difference in the 
patient group visual I-131≈ Tc-99m-O4

- versus calculated I-131< Tc-99m-O4
-; the 

intensity of I-131 was visually estimated to be higher in 12 (31.6%) patients. A similar 
discrepancy is displayed in the group visual I-131> Tc-99m-O4

- versus calculated 
I-131< Tc-99m-O4

-, the intensity of I-131 was estimated to be visually seven times 
more intensive (Tables 3).

Discrepant nuclide uptakes of Tc-99m-O4
- and I-131 or Tc-99m-O4

- and I-123 
have already been reported in the literature in 5-33% of the patients [6,14-18]. 
However these patients involved in these former studies were mostly patients with 
thyroid nodules and only visual analysis were carried out. Our current study cannot 
be compared with these studies because in our study only patients with functionally 
relevant thyroid autonomies have been included and a quantitative analysis has been 
used for the ϐirst time.

In addition, it was investigated whether the time period (Δt) from administration 
of I-131 to intratherapeutic I-131 scintigraphy is related to the calculated I-131 values. 
Due to the I-131 metabolism, the intensity could change over the time period (Δt). 
However, such a correlation could not be statistically identiϐied by our results (Figure 
6). The acquisition of sequential scintigrams at different timepoints following iodine 
administration could probably show this relationship more clearly. 

The dose estimation based on a visual evaluation of the Tc-99m-O4
- scintigraphy 

alone should therefore be questioned. Tc-99m-O4
- and I-131 uptake have been visually 

evaluated as identical in 23 cases, but calculated as identical in only 15 cases. There 
was no congruence in the remaining cases.

In this analysis, it was not possible to make a correlation between the type of 
autonomy leading to RIT and the post-therapeutic metabolic state and the pre-
therapeutic and post-therapeutic nuclide distribution in the respective scintigraphies. 
This needs to be investigated in future studies.

The discrepant results can be explained by the differences in kinetics and 
metabolism of I-131 and Tc-99m-O4

- as well as possibly changes in the thyrocytes on 
molecular level (changes in NIS expression, defects in iodine integration in organic 
compounds) [19]. Tc-99m-O4

- uptake reaches a peak after approximately 20 minutes, 
after which it decreases. After uptake from the bloodstream, iodine is integrated 
speciϐically into organic compounds in the thyroid. I-131 accumulation continues 
to increase over time reaching a peak after approximately 24 hours but the time is 
extremely depending on the underlying thyroid disease and the individual metabolic 
state and possible medication affecting the thyroid [7]. Integrated iodine has a long 
biological half-life and is only eliminated at the physiological metabolic rate of the 
thyroid hormones with ϐinal metabolization in the liver and biliary excretion from the 
body. The intratherapeutic I-131 scintigraphy therefore shows the speciϐic uptake in 
the thyroid. In the Tc-99m-O4

- scintigram, the activity in the vessels and in the soft 
tissue of the neck is recorded as well as the activity in the thyrocytes. The varying 
kinetics of I-131 and Tc-99m-O4

- and different molecular changes appear to have an 
inϐluence on the uptake in the autonomous thyroid areas [6,19-21].

A possible option already described in the German Society of Nuclear Medicine (DGN) 
guidelines to optimize the individual therapy activity during radioiodine treatment is, 
for example, to acquire thyroid scintigrams as part of the radioiodine uptake test after 
24 hours to compare a possible difference between the pretherapeutically acquired 
functional images of the thyroid and, if applicable, to be able to draw necessary 
conclusions for the subsequent treatment [22]. Another alternative to Tc-99m-O4

- 
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for the pretherapeutic functional imaging of the thyroid is the use of I-123, which 
is integrated speciϐically into the thyroid like I-131. This needs to be investigated in 
appropriate prospective studies.

In this study, 31 patients (81.6%) were euthyroid three months after RIT without 
medication. Studies with a pretherapeutic comparison of the images from the 
radioiodine uptake test using I-131 or I-123 could clarify whether the pretherapeutic 
and intratherapeutic images show a higher visual and mathematical agreement as 
expected, so that RIT can be optimized through more precise diagnosis and calculations 
of therapy activities. In addition, future studies can clarify whether the use of further 
tracers contribute to more precise imaging on a functional and morphological level 
and thus could be used to optimize the calculation of therapy activity. Freesmeyer et al. 
recently published an interesting study on this topic using the positron emitter I-124 
and PET/CT in thyroid autonomies [23].

CONCLUSION

Our results show that the differences of the tracer accumulation of pretherapeutic 
Tc-99m-O4

- and intratherapeutic I-131 scintigraphy can be quantiϐied using parametric 
subtraction scintigraphies. The differences are more remarkable than both the 
expected and the reported results in this and in previous studies albeit under different 
conditions.

Scintigraphies with Tc-99m-O4
- should be used as orientating examinations, 

as rapid, advantageous and preliminary diagnostic methods associated with low 
radiation exposure. But because of the higher rate of found discrepancies, the solely 
use of Tc-99m-O4

- scintigram is not always capable for exact and reliable diagnosis. If 
there is evidence of therapy-relevant thyroid autonomy, additional scintigraphy with 
I-123 could improve the estimation of individual therapy activity. A pretherapeutic 
comparison with a scintigram during the radioiodine uptake test could also reveal 
possible discrepancies even before the actual RIT. So these particularities could be 
taken into account in the subsequent RIT for the wellbeing of the patients and their 
therapy results. This option would not lead to any additional radiation exposure for 
the patients. The additional radiation exposure due to supplementary use of I-123 
or I-124, even as part of possible hybrid imaging, can be presumably accepted by 
considering the markedly higher intratherapeutic radiation exposure from the RIT, if a 
better therapeutic result can be achieved. Despite higher costs and radiation exposure, 
alternatively, pretherapeutic use of other diagnostic iodine isotopes like I-123 or 
-124 should be discussed, because they could overcome the limitation of the different 
biokinetics. Following this approach the preliminary assessment using Tc-99m-O4

- 
scintigraphy can be precised and double checked to improve diagnostic conϐidence 
and treatment results for a better outcome of the patients. Pretherapeutic application 
of these options using different diagnostic iodine isotopes could therefore be discussed 
in thyroid autonomy and investigated in future studies using the method and program 
presented here.
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